INTRODUCTION
(e.g., Goulson, 2003a) . Introduced honeybees and bumblebees compete with native pollinators and reduce the fitness of some native plant species (Gross and Mackay, 1998; Celebrezze and Paton, 2004; Dupont et al., 2004; Dohzono et al., 2008) . However, in other cases, plant reproduction is unaffected (Vaughton, 1992; Dupont et al., 2004) or even enhanced by the presence of introduced honeybees and bumblebees (Gross, 2001; Madjidian et al., 2008) . To understand the variability in the effects of bee introductions, it is necessary to identify the precise mechanisms by which these invasive pollinators affect plant reproduction.
In this review, we demonstrate how interactions between native pollinators and alien honeybees and bumblebees affect native plant seed production. We begin by examining how the interactions between honeybees and (1) native birds and (2) solitary bees impact native plant reproduction. Subsequently, we examine the impacts by the interactions between (3) alien and native bumblebees. Because there is no report on other interactions, e.g. honeybee and bumblebee, bumblebee and solitary bees or birds, we could not validate these interactions. Finally, we summarize and integrate published works to present a broad interpretation of alien bee impacts on plant-pollinator interactions.
Honeybees
The honeybee Apis mellifera is native to most of Europe, Africa, and the Middle East. It has been intentionally introduced to most parts of the world to improve crop pollination and to produce honey. Flourishing feral populations occur throughout much of Asia, North America, the southern half of South America, and Australia (Goulson, 2003a) . African honeybees Apis mellifera scutellata escaped from research apiaries in southern Brazil in 1956, and have spread rapidly into North America, hybridizing with European honeybees while retaining behavioral and morphological traits of the African race (Dick, 2001; Goulson, 2003a) . Thus, this species has been a principal target of biological invasion studies (Winston, 1987; Goulson, 2003a) .
Honeybee nests include large numbers of workers. They establish sociality and a remarkably efficient communication system, enabling them to effectively use nectar and pollen resources from an extensive area around their nests (Seeley, 1985; Hansen et al., 2002) . Thus, introduced honeybees increase valuable pollination services to crops. However, these properties affect interactions between native plants and pollinators, especially birds and solitary bees (Vaughton, 1992; Gross and Mackay, 1998; Kato et al., 1999; Gross, 2001; Hansen et al., 2002; Dupont et al., 2004; Kato and Kawakita, 2004) .
There is no study on the impact of honeybees against bumblebee-pollinated plants. This may be because floral morphology in bumblebee-pollinated plants is specialized to bumblebee species, which is complex and often shows morphological correspondence to pollinator's body parts, such as long proboscis (Suzuki et al., 2007) . Another reason may be that bumblebee-pollinated plants do not have so many flowers, thereby honeybees might not utilize these bumblebee-pollinated plants (Heinrich, 2004) . These mechanisms could result in no competition between bumblebees and honeybees.
In addition, there is one study suggesting competition between alien and native honeybees; honeybees do attack nests of other honey-storing species to steal the honey. This behavior may have contributed to the decline of Apis cerana in Japan (Sakagami, 1959) .
Impacts of honeybees on native plant reproduction
Introduced honeybees may adversely affect reproduction of native plants (Goulson, 2003a) , but effect mechanisms may differ among pollination systems. Most bird-pollinated species have large flowers that produce abundant nectar, while most bee-pollinated species have smaller flowers and less nectar. Accordingly, we review impact mechanisms separately for bird and solitary bee pollination systems (Table 1) .
Birds vs. honeybees
Previous papers have described the effects of alien honeybees on the reproduction of native Australian bird-pollinated plants. Bird pollination in Australia evolved in the absence of social bees, most notably honeybees (Ford, 1985) . However, at the present time, the Australian native plant Grevillea barklyana is pollinated by birds (honeyeaters; Meliphagidae) and honeybees (Apis mellifera; Vaughton, 1996) . Although Vaughton (1996) did not examine the visitation frequencies of these pol-linators (honeyeaters and honeybees), she assessed pollen removal at two weather conditions; fine or mild versus damp or cold conditions (Table 1) . In fine or mild condition, both honeyeaters and honeybees were active; while in the damp or cold condition, only honeyeaters were active. Pollen removal when both honeyeaters and honeybees visited inflorescences was more rapid than when only the birds were active, and most pollen grains were removed during the first day of flower opening. Fruit set was examined by an exclusion experiment in which the presence of bird pollinators was manipulated (Table 1) . Fruit set of caged inflorescences that allowed only honeybee access (birds were excluded) was reduced to Ͻ50% compared to inflorescences visited by birds and bees. Furthermore, fruit set by flowers visited by honeybees only (caged inflorescences) was lower than in inflorescences to which neither honeyeaters nor honeybees had access (flowers were enclosed in bags), indicating that pollen removal by honeybees decreased opportunities for delayed autonomous selfing, and could also reduce likelihood of outcrossing and reproductive success in this plant. Although honeybees were less efficient pollinators than honeyeaters, G. barklyana did not suffer pollen limitation in the wild because bird pollinators were so efficient. Vaughton (1996) suggested the introduction of honeybees into Australia is so recent that there has been insufficient time for bee-flower co-evolution, but plant evolutionary shifts in response to these insects are likely to occur in the future.
Outcrossing rates of G. barklyana have been estimated in three populations by microsatellite genotyping (England et al., 2001 ; Table 1 ). Outcrossing rates for open-pollinated seeds were low (0.062-0.225) and did not vary significantly among populations. Nevertheless, outcrossing was significantly lower when honeyeaters were excluded. These findings appear to be concordant with those of Vaughton (1996) in that high levels of honeybee activity decrease the amount of pollen remaining on anthers. Reduced pollen mass may inhibit honeyeater behavior and thus reduce plant outcrossing (England et al., 2001) . Nevertheless, honeybee impacts on the mating system and gene flow in G. barklyana are weaker than expected when honeyeaters visit the same flowers (Vaughton, 1996) . Hence, in this plant, variation in pollinator visitation frequency through the flowering season or among years may be important in predicting reproductive success and gene flow.
The Australian plant Brachyloma ericoides (Epacridaceae) is self-incompatible and was bird pollinated in pre-European times. Currently, the flowers are visited by birds (honeyeaters and whiteeyes) and introduced honeybees (Celebrezze and Paton, 2004;  Table 1 ). Celebrezze and Paton (2004) examined both the visitation frequency and behavior of the pollinators as components of pollination effectiveness. Honeybees visited flowers more frequently than bird pollinators did (honeybees: 5.3-6.4 visits per d, birds: 0.7-2.5 visits per d), and both honeybees and birds contacted stigmas and anthers of the small flowers. However, exclusion of birds, but not honeybees, resulted in a significantly lower fruit set (proportion of flowers producing capsules), indicating that differences in foraging behavior, rather than visitation frequencies, affected the effectiveness of the pollinators; birds typically probed many flowers per visit and flew between plants more frequently than honeybees. In addition, honeybees may move pollen to their corbiculae while foraging, reducing the amount of pollen available for transfer to stigmas. Thus, bird pollinators contribute better to outcross pollination in B. ericoides. Celebrezze and Paton (2004) also pointed out that interference between pollinators may be a factor influencing the pollination success of B. ericoides. Their behavioral observations suggested that pollen-collecting honeybees can remove pollen from more than 50% of all flowers on one plant each day. This may reduce pollination effectiveness of subsequent visits by nectar-collecting honeybees and birds. Moreover, data on daily visitation patterns suggested the presence of other interference effects; birds foraged at times when honeybees were not active, such as early mornings and on cold, rainy days when newly opened flowers would not be visited by honeybees. At other times, birds may have avoided B. ericoides because of prior honeybee nectar depletion (Celebrezze and Paton, 2004) .
Interference between native and alien pollinators occurs in the pollination systems of two endemic Mauritian trees, Sideroxylon cinereum and S. puberulum (Sapotaceae). These trees are pollinated by two endemic white-eyes, Zosterops borbonicus mauritianus and Z. chloronothos, and by intro-I. DOHZONO and J. YOKOYAMA (Hansen et al., 2002;  Table 1 ). Zosterops borbonicus mauritianus visits the two tree species in early morning, stopping when honeybee foraging rapidly depletes standing crops of nectar. Honeybees are less efficient pollinators; exclusion of white-eyes, but not honeybees, resulted in a significantly lower fruit set (Hansen et al., 2002) . These results show that honeybees are likely to interfere with endemic interactions between two Sideroxylon trees and two white-eye pollinators. However, because there was no control site without honeybees, it was impossible to determine (1) whether the absence of honeybees would lead to prolonged nectar-feeding by bird pollinators, and (2) whether this would result in a larger fruit set.
In some cases, plant reproduction has been unaffected by the introduction of honeybees (Vaughton, 1992 ; Table 1 ). Banksia spinulosa (Proteaceae) is pollinated by honeyeaters and honeybees. Honeyeaters visited only on days in early flowering periods. In contrast, honeybees visited only on days in late flowering period when maximum temperatures exceeded 15°C. Therefore, pollination effectiveness of both pollinators varies through flowering periods; honeyeaters are important for plant reproductive success in the early and mid-flowering periods, while honeybees are more effective pollinators in the late flowering period (Vaughton, 1992) . In this case, honeybees are effective pollinators of B. spinulosa. Gross and Mackay (1998) showed that interactions between native solitary bees and honeybees affect reproduction of the Australian bee-pollinated plant Melastoma affine. Native solitary bees are the most frequent visitors in early morning. However, significantly more honeybees than native bees are sometimes present in afternoon. Honeybees actively remove previously-deposited pollen from the stigmas. Therefore, fruit and seed set are lower when the last floral visitors are honeybees (rather than native bees), and most of the last visitors to M. affine flowers are honeybees. Additionally, honeybees disturb the foraging of native bees, which often ignore a flower already occupied by another bee. Hence, the interaction between native bees and honeybees reduces visitation frequency of solitary bee and pollen deposition, reducing seed production by M. affine (Gross and Mackay, 1998) .
Native bees vs. honeybees
Although there is an interaction between the native bees Leioproctus sp. and Lasioglossum sp. and introduced honeybees, reproduction of the Australian plant Dillwynia juniperina (juniper peabush, Fabaceae) is unaffected (Gross, 2001 ; Table  1 ). Native bee abundance varies between sites; visitation frequency records show that native bee presence on the bushes is negatively related to the presence of honeybees on the same bushes. Fruit set after a single visit does not differ between native bees and honeybees. In pollen supplementation experiments, fruit set never reached 100%, indicating that resources other than pollen limit fruit production. In this case, negative interactions between native bees and honeybees do not affect fruit production. However, since populations of D. juniperina occur in fragmented woodlands, pollination by honeybees might affect gene flow and mating systems among fragmented populations.
Gene flow among fragmented populations and mating systems of the Brazilian bee-pollinated species Dinizia excelsa (Fabaceae) have been examined using DNA markers (Dick, 2001 ; Table 1 ). Honeybees are the predominant visitors in fragmented populations and have replaced native bees. Dinizia excelsa trees visited by honeybees in the fragmented habitat produced more than three times as many seeds as those visited by native bees in continuous forest. Microsatellite analyses of seeds show that genetic diversity is maintained across the fragmented habitats. Thus, honeybees have become important pollinators of D. excelsa. These results suggest that genetic structures of D. excelsa may be altered by honeybee pollination when habitat is fragmented (Dick, 2001) .
The Canary Islands plant Echium wildpretii ssp. wildpretii is pollinated by native bees and honeybees (Dupont et al., 2004) . Visitation frequency differed between two plant populations, and between native bees and honeybees. In one plant population, honeybees were the major visitor species, while the second population was visited by many native bees. During the peak period of bee activity, nectar was almost depleted in flowers of the first population, but not the second population. Thus, high honeybee abundance may suppress native bee visitation through exploitative competition. Honeybees stayed longer and visited more flowers in the same inflorescences than native bees, indicating potential promotion of self-pollination. Seed set and viability were similar in the two plant populations. However, long-term change in population genetic structure may be expected because differences in foraging behavior between native bees and honeybees can affect mating systems and gene flow (Dupont et al., 2004) .
Bumblebees
The natural range of most bumblebee species encompasses temperate, arctic, and alpine zones of the northern hemisphere, and the South American temperate zone. Wherever they are present, bumblebee species are principal pollinators of native plants (Goulson, 2003b (Velthuis and van Doorn, 2006) .
Because of its wide distribution, large colony production, and adaptability under artificial conditions, B. terrestris has been favored for commercial rearing (Velthuis and van Doorn, 2006) . This species was introduced to New Zealand (in 1885), Israel (in the 1960s), Japan (in 1991), and Tasmania (in 1992) and subsequently spread within each region (MacFarlane and Gurr, 1995; Dafni and Schmida, 1996; Hingston and McQuillan, 1999; Matsumura et al., 2004; Ishii et al., 2008; J. Yokoyama, unpublished data) . There is growing concern about the effects of invasive B. terrestris on native pollinators, particularly on their established relationships with native plants in local ecosystems. In Tasmania, foraging by native solitary bees is prevented by the presence of B. terrestris (Hingston and McQuillan, 1999) . Competition for nest sites and food resources between native bees and B. terrestris can decrease species richness and abundance of native bees (Hingston and McQuillan, 1999; Goulson, 2003a) , which may in turn reduce the reproductive capacity of native plants (Hingston et al., 2002) . In addition, B. terrestris takes nectar from flowers with long corollas by rupturing the bases of floral tubes, impeding later visitation by native bees (Dohzono et al., 2008) . Therefore, invasive B. terrestris may decrease native plant reproductive success and alter natural pollination systems by interfering with native pollinator flower visits (Kenta et al., 2007; Dohzono et al., 2008) . Although B. impatiens has been found in the wild in Mexico, there is no information concerning its impacts on native bees and plants (Winter et al., 2006) .
Bombus hortorum, B. ruderatus, and B. subterraneus, which are UK natives, were established in New Zealand between 1885 and 1906. The introductions were intended to improve red clover pollination. Bombus ruderatus was introduced to Chile (from New Zealand) in 1982 for the same reason and reached Argentina by 1994, where it affected native interactions between Alstroemelia aurea and B. dahlbomii (Madjidian et al., 2008) .
Impacts of bumblebees on native plant reproduction
Only three studies have investigated alien bumblebee impacts on native plant reproduction (Kenta et al., 2007; Dohzono et al., 2008; Madjidian et al., 2008) . In these cases, alien bumblebees interacted with congeneric native bumblebees and affected bumblebee-pollinated plants, because they tend to share plants that have complex floral morphology specialized for bumblebee-pollination (Suzuki et al., 2007) . In contrast, most alien honeybees (Apidae) interact with taxonomically distant pollinators of other families, such as Halictidae or Megachilidae (Table 1) .
Alien B. terrestris affected the pollination success of potted seven native plants growing under glass (Kenta et al., 2007) . In a manipulative experiment, plants were exposed to three bumblebee treatments: (1) only native bumblebees (B. ardens and B. hypocrita) present, (2) only the alien B. terrestris present, and (3) both types of bumblebee species present and relative abundance of native and alien bumblebees was equal. The response variable was seed production (Kenta et al., 2007 ; Table 1 ). Seed production of five plant species decreased only in treatment (2), in which the aliens failed to access the floral mechanism correctly. However, the relative abundances of native and alien bumblebees were controlled in this experiment, and extrapolation to field circumstances is difficult because natural variation in pollinator abundances was not taken into account (Kenta et al., 2007; Madjidian et al., 2008) .
In Hokkaido, Japan, Dohzono et al. (2008) investigated effects of naturalized B. terrestris and its interactions with native bumblebees on the reproduction of native Corydalis ambigua in the wild. In this case, variations in pollinator abundance were taken into account (Dohzono et al., 2008;  Table 1) . Corydalis ambigua is self-incompatible; the flower has a spur and requires visitation by bumblebees for seed production. In Hokkaido, the natives B. ardens and B. hypocrita and the alien B. terrestris are potential visitors of this plant. Bombus ardens accesses the floral mechanisms correctly to suck nectar, whereas B. hypocrita and B. terrestris obtain nectar by perforating the flower spurs. Since the flowers of C. ambugia have long spurs that corresponds to the long-proboscis of B. ardens, visitation of B. ardens resulted in more efficient production of fruits and seeds than activities of the nectar robbers. Following this experiment, visitation frequencies of alien and native bumblebees were compared among five sites; at each site, rates of fruit and seed set were measured after cross and open pollination. Four sites were inhabited by naturalized populations of B. terrestris, and the fifth was located in a forested habitat with no B. terrestris. At three of the four sites with abundant B. terrestris, the proportion of perforated flower spurs (inflicted by nectar robbers) per inflorescence gradually increased through the flowering period. This increase may have been caused by intrusion of alien B. terrestris into native plant-pollinator interactions. At sites with torn flowers, C. ambigua suffered pollen limitation, as indicated by reduced seed production after open pollination (compared to seed set after cross-pollination). Pollen limitation at these sites occurred even though total visitation frequencies of three bumblebee species were higher than at the other two sites. Bombus ardens visited few flowers within inflorescences containing perforated spurs, suggesting that nectar robbery may reduce the visitation frequency of B. ardens, resulting in decreased fruit set. Reduced seed set implies a reduction in the rate of pollination by the native B. ardens, likely in response to decreases in nectar volumes (caused by alien bee activities). These results indicate that nectar competition between B. terrestris and native bumblebee species negatively affects reproduction of C. ambigua in the wild. Moreover, Dohzono et al. (2008) suggested that C. ambigua may establish a novel pollination relationship with B. terrestris because the pollination efficiency of this bee is more than zero. This is also true for the native nectar robber B. hypocrita. Individuals of B. hypocrita sometimes accidentally open petals and pick up pollen while stealing nectar, and this may affect plant fertilization (robber-like pollination; Higashi et al., 1988) . In some parts of Hokkaido, C. ambigua is pollinated primarily by the native robber B. hypocrita, and floral sex allocation has been altered to improve pollen flow (Kudo and Kasagi, 2004) . Because alien and indigenous taxa that are closely related have morphological and behavioral similarities, an alien bumblebees species is more likely to invade specialized pollination systems than more distantly related bees. Additionally, invasion of alien bumblebees can generate novel forms of selection for plant reproductive traits. This selection pressure may facilitate evolutionary differentiation of plantbumblebee interactions between natural and invasive populations (Dohzono et al., 2008) .
Another important field study was performed in Argentina (Madjidian et al., 2008 ; Table 1 ). The native plant Alstroemeria aurea was originally pollinated only by native Bombus dahlbomii. Since 1994, however, the abundance of alien B. ruderatus has continually increased in parallel with B. dahlbomii population decreases. Madjidian et al. (2008) investigated the impact of ongoing displacement of the native bees by the aliens on native plant reproduction. Pollinator effectiveness (i.e., pollinator efficiency per visit and visitation frequency, Table 1 ) was compared between the two bee species. Native B. dahlbomii, which has a larger body and spends more time with each flower, was the more efficient pollinator (measured as quantity and quality of pollen deposited per visit). On average, during each flower visit, the native bees deposited more than twice as many pollen grains on stigmas as the alien. Furthermore, the pollen germination rate was significantly higher when native bees were responsible for pollen transfer. The proportion of pollen germinating after a single bee visit was significantly and positively related to seed set. Although visitation frequencies of the two bee species varied during the flowering season, the alien was a much more frequent flower visitor than the native, and overall pollinator effectiveness was influenced most strongly by cumulative numbers of visits. As a consequence, the alien bee is now a more effective pollinator of A. aurea than its native congener. Since alien B. ruderatus is a legitimate pollinator (i.e., it does not damage the floral mechanism because its long proboscis can access nectar) there are no negative nectar robbery impacts in this insect-plant relationship (unlike the case of Corydalis ambigua and B. terrestris; Dohzono et al., 2008) . Unfortunately, however, the study in Argentina had no control sites with no alien bumblebees because there has been extensive displacement of native B. dahlbomii by alien B. ruderatus. Therefore, it is not clear whether the impact of alien bumblebees on A. aurea seed production is negative or positive. In addition, it is not clear whether there was pollen limitation (because of virtually unlimited pollen supply), and maximum seed set might have been limited either by resources or by pollen quality (Aizen and Harder, 2007) . Alien B. ruderatus has a longer proboscis and a smaller body than native B. dahlbomii, and displacement of this native may select for smaller flowers with longer spurs that would promote higher seed production.
DISCUSSION
Pollination and seed production processes take place through several stages of plant-pollinator interactions. Our literature review of alien bee pollinators shows that their impacts vary among these stages and among pollination systems. To provide a rigorous basis for predicting the effects of alien species and the establishment of effective management procedures, we have attempted to identify possible mechanisms of impact at each pollination stage.
Eight studies have demonstrated spatially or temporally negative associations between visitation frequencies of native and alien pollinators (Table  1) . Such negative associations may indicate competition for floral resources (nectar and pollen), suggesting possible impacts of alien species on both native pollinators and plant reproduction. Alternatively, however, such negative associations may indicate alien species occupancy of vacant niches, suggesting that alien species have either no impact or a positive effect on plant reproduction. For most studies, it is not possible to discern the mechanisms at work because crucial data, e.g. evidence for competition between pollinators, seed production by a single visit and pollen limitation in plants, are lacking (Table 1 ). In the study of Bombus terrestris and Corydalis ambigua, negative associations between alien and native bumblebees were not detected in the visitation frequency data (Dohzono et al., 2008) . However, Dohzono et al. (2008) found that flower visitation rate of the legitimate native pollinator B. ardens decreased with increasing numbers of robbed flowers in the inflorescences. The proportion of robbed flowers within inflorescences varied among populations and was associated with the visitation frequency of the alien B. terrestris. Thus, nectar robbery by the alien bee may reduce native bee visitation frequency, resulting in reduced seed production by C. ambigua. In this case, interference between alien and native bumblebees may be attributable to competition for the nectar resource.
Three studies which surveyed single-visit efficiency of pollen transfer (pollen removal, deposition and seed production) have shown that native is more efficient than alien bees (Table 1) . Reduction of pollination efficiency by alien species may impair the balance of costs and benefits in plant pollination strategies, because fewer pollen grains are transferred (ϭbenefit) per unit cost of providing nectar rewards. This suggests the importance (for pollination efficiency) of co-evolutionary interactions between native plants and pollinators. The correspondences between floral morphology and pollinator body parts result from co-evolutionary interactions (Suzuki et al., 2007) . Additionally, behavioral traits of alien species may also affect pollination efficiency. Gross and Mackay (1998) observed alien honeybees actively removing previously-deposited pollen from stigmas of Melastoma affine, with a concomitant effect on seed production. Nectar robbery (by rupturing bases of floral tubes) has been observed in the alien bumblebee B. terrestris (Kenta et al., 2007; Dohzono et al., 2008) ; however, the native bumblebee B. hypocrita also steals nectar from flowers. More intensive behavioral studies of alien pollinators should be conducted in order to facilitate predictions of the effects of alien bee species on plant reproduction.
To assess impacts of alien pollinators, it is important to determine whether native plants suffer pollen limitation (Table 1) . If pollen limitation is detected, direct impacts of alien pollinators on native plant reproduction are likely. For example, Dohzono et al. (2008) found that the native plant Corydalis ambigua suffered pollen limitation when alien Bombus terrestris deterred native bumblebees from visiting plants. In contrast, even when pollen limitation is not demonstrated, we cannot conclude that there is no impact of alien bees. There are several alternative scenarios: (1) there really is no effect of alien pollinators on plant seed production; (2) both alien and native pollinators contribute positively to seed production; (3) seed production by native plants is limited by resources other than pollen, obscuring any effects of pollen limitation. Gross (2001) observed no pollen limitation in Dillwynia juniperina, but fruit-set never reached 100% in a pollen-supplementation experiment. These results suggest that resources other than pollen were limiting fruit production. In this case, although visitation data showed a negative relationship between native bees and honeybees, total seed production was unaffected by alien pollinators. It is also possible that seed quality might be affected by changes in plant mating systems between pollinators (i.e., crossing vs. selfing, Madjidian et al., 2008) . Thus, we should carefully interpret pollen limitation experiments by considering the various components of pollination success (visitation frequency, efficiency of pollen transfer, and the possibility of resource or pollen-quality limitation) to infer the impacts of alien pollinators.
The problems of biological invasions are attracting increasing attention, but our understanding of the mechanisms of alien pollinator impacts on native plant reproduction remains incomplete. Although honeybees affect populations of native solitary bees, especially on oceanic islands (Kato et al., 1999; Hingston et al., 2002; Kato and Kawakita, 2004) , we do not fully comprehend alien pollinator impacts on seed reproduction. Here, we highlight two important directions for future studies. First, comparative studies with control sites that lack alien pollinators are required to discern mechanisms responsible for observed patterns. However, this is often difficult when invasions are extensive (e.g., honeybees in Australia and some oceanic islands). Experimental manipulations in conjunction with extensive field surveys would be useful in overcoming this difficulty (e.g., Kenta et al., 2007; Dohzono et al., 2008) . Regions without alien species have been disappearing rapidly, and the study of plant-pollinator interactions under natural conditions has become even more difficult. Thus, construction of database of native plantpollinator interactions is urgently needed in each region. Second, morphological, ecological, and behavioral similarities between native and alien pollinators should be examined, because they help in predicting the intensity of competitive interactions. This may be particularly true in bumblebees, because multiple species with different ecological traits (e.g. proboscis length) are commercially utilized, and they can be potential invaders of pollination systems specialized to congeneric native bumblebees, in contrast to the single honeybee species Apis mellifera invading pollination systems with distantly related pollinators. Close relatives may compete more intensively because they are likely to share similar ecological traits, while diverged ecology of distantly related species might mitigate competition. Lastly, we have to keep on paying attention to change in plant-pollinator relationships and resultant seed productions, which would enable us to manage long-term ecological and evolutionary changes in indigenous pollination systems.
